The recent association of human Gp C rotavirus with a fatal case of enteritis within a family 3 indicates the severity of the disease caused by this virus.
Like Gp A rotaviruses, Gp C rotaviruses are fastidious in their in vitro cell culture requirements. Only 2 strains, the porcine (Cowden) and bovine (Shintoku) rotaviruses, have been successfully propagated in cell cultures. 22, 25, 28 Therefore, greater efforts have been channeled into other procedures for diagnosing infection. Monoclonal antibodies (Mabs) to VP6 of porcine 14 and human Gp C rotaviruses are now used in enzyme-linked immunosorbent assays (ELISA) to detect Gp C rotaviruses. 5, 14 Recently, the polymerase chain reaction (PCR) technique has been used for detecting Gp C rotaviruses. The genetic diversity of the Gp C rotavirus genes 5 (VP6), 6 (NS34), and 8 (VP7) was analyzed by northern blot and dot blot hybridization techniques, using cDNA probes for these genes from the Cowden strain of Gp C rotavirus.
9,10 The objectives of this study were to apply similar hybridization techniques for detecting porcine Gp C rotaviruses in a diverse pool of field samples using probes made from Cowden Gp C rotavirus genes 5 and 8. We also correlated our findings with the results previously published for some of these samples using the biotin-streptavidin-enhanced ELISA. 15 The porcine fecal or intestinal samples used in this study contained the following rotaviruses: OSU (Gp A), Ohio (Gp Partial length gene 5 (PC4-19) and full length gene 8 (PC8-18) cDNA clones were prepared from the Cowden strain and inserted into a pTZ18R plasmid. The preparation and characterization of these clones have been described previously.
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Both clones were grown in Luria broth medium, purified, and analyzed by gel electrophoresis using standard methods 24 and radiolabeled with 32 P-dCTP by nick translation as described previously. For northern blots, the dsRNA was separated by PAGE and Received for publication December 11, 1992. electrotransferred onto nytran membranes. The membranes B), and Cowden (Gp C). We also used Gp C rotavirus field samples BS(N608), D(K519), FS(W1970), SB(K249, K556), and MV(Z1858, Z1859) and rotavirus-negative fecal samples (2999 and 21009). Sample sources have been described previously. 15 S1632 was a field sample that tested weakly positive for Gp C rotavirus by polyacrylamide gel electrophoresis (PAGE) and was stored at 4 C for over 6 months. In addition, 8 other diarrheic fecal samples designated as PW2F, PW6A, PW6C, PW7B, PWl7D, PW36A, PW37B, and PW41I were included in this study. They were obtained about 4 years ago from postweaning (PW) pigs at the Ohio Agricultural Research Center Robinson Swine Herd. These samples had been stored at -20 C with intermittent freezing and thawing. These PW samples had been analyzed by PAGE and cell culture immunofluorescence (CCIF). PAGE analyses of these samples revealed only electropherogroup C rotaviruses except for 2 samples, PW6A and PW37B, that also contained Gp A rotaviruses and 1 sample, PW37B, that was negative for both Gp A and C rotaviruses (K. W. Theil, unpublished data). Rotavirus double-stranded (ds) RNA was extracted from the 21 samples and prepared for PAGE analysis as previously described.
7 Double-stranded RNA was suspended in diethyl pyrocarbonate a (DEP)-treated sterile distilled water and stored at -20 C. Concentrations of dsRNA were estimated by absorbance at 260 nm. Rotavirus dsRNA was analyzed with 7.5% resolving and 3% stacking gels as previously described. PROBE: Cowden pene 5 PROBE: Cowden gene 8 were air dried and baked at 80 C for 2 hours and then prehybridized at 42 C for 4 hours in a solution containing 50% formamide, 5 x SSC, 50 mM phosphate-buffered saline (pH 6.5), 2% Denhardt's solution, and 100 µg/ml yeast tRNA. Hybridization was performed in the same solution but with the addition of 3-6 x 10 6 CPM of heat-denatured probes (1.2 x 10 7 CPM/µg DNA template) for 16-20 hours. Membranes were washed 4 x at room temperature in 2 x SSC, 0.1% sodium dodecyl sulfate (SDS) (10 minutes/wash) and 2 times at 42 C in 0.4 x SSC, 0.1% SDS. Washed membranes were blotted dry and exposed to Kodak XAR film c with intensifying screens at -70 C for 3-5 days.
The OSU (Gp A), Ohio (Gp B), and Cowden (Gp C) samples and 5 of the previously described Gp C rotavirus field samples, BS(N608), D(K519), SB(K556), and MV(Z1858, Z1859), showed characteristic Gp C electropherotypes, whereas FS(W1970), SB(K249), and S( 1632) did not show any detectable dsRNA bands by PAGE. None of the PW samples or the virus negative samples (Z999,21009) showed visible electropherotypes by PAGE (data not shown).
Results of the northern blot hybridization of OSU (Gp A), Ohio (Gp B), Cowden (Gp C), and D(K5 19) ( Fig. la) with the 2 cDNA probes showed that the gene 5 probe hybridized strongly with the corresponding gene 5 of the Cowden isolate and the field isolate D(K5 19) but not with OSU Gp A and Ohio Gp B (Fig. lb) . However, the gene 8 probe hybridized only with the corresponding homologous Cowden gene 8 and not with the Gp C field sample D(K5 19) or with the OSU Gp A and Ohio Gp B rotaviruses (Fig. lc) .
Dot blot hybridization of all samples revealed that the gene 5 cDNA probe hybridized strongly with dsRNA from Cowden, BS(N608), D(K519), and FS(W1970), weakly with SB(K249, K556) and MV(Z1858 and Z1859), and not at all with S1632 and the virus-negative (2999 and Z1009) samples (Fig. 2a) . Four of the PW samples (PW6A, PWGC, PW17D, PW36A) hybridized strongly, whereas 3 (PW2F, PW7B, PW41I) hybridized weakly with the gene 5 cDNA probe. The virus-negative sample, PW37B, failed to hybridize (data not shown). By comparison, the gene 8 probe hybridized strongly with Cowden, BS(N608), and FS(W1970) and weakly with SB(K5 56) Gp C rotaviruses (Fig. 2b) . The rest of the samples, including all the PW samples and the virus negative samples, did not hybridize with the gene 8 probe at the stringency condition employed.
There was complete agreement among the results of the hybridization analysis, PAGE, and the previously published ELISA results 15 for some of the samples. Thus, the Cowden and SB(K556) were confirmed as containing Gp C rotavirus, whereas Ohio Gp B and the virus-negative samples 2999 and 21009 were shown not to contain Gp C rotavirus. Table 1 summarizes the results of all assays.
Inability to diagnose infections due to Gp C rotaviruses by the classical virologic methods of virus isolation and common serologic assays has necessitated the development of alternate and perhaps more sensitive methods such as the PCR and nucleic acid hybridization techniques. Serogroup C rotaviruses have been detected from human infants using PCR techniques, and nucleic acid hybridization techniques have been employed to analyze the genetic diversity of the Gp C rotaviruses.
9, 10 We have extended such work by applying the dot blot assay to screen additional field samples that did or did not contain Gp C rotaviruses as documented in other assays. Our previous study 15 showed that BS(N608) and MV(Z1859) were negative for Gp C rotavirus by ELISA, whereas FS(W1970) was positive. However, in our present study, sample BS(N608) was detected by PAGE, albeit very weakly, but was strongly detected by the dot blot hybridization with both gene 5 and 8 probes; whereas sample MV(Z1859) hybridized weakly with gene 5 but not with gene 16,18 Group C rotavirus was not detected by PAGE or by either of the probes from sample S1632, and we presumed that the degradation of the virus had proceeded over the period of storage beyond detectable limits for any of the assays.
Sample D(K519) hybridized with gene 5 cDNA probes in both northern and dot blot assays but did not hybridize with the gene 8 probe in both assays. This result may indicate genetic diversity in gene 8, possibly correlating with distinct serotypes, and is similar to results observed previously.
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Studies on serologic cross-neutralization among some Gp C rotaviruses in our laboratory have indicated similar antigenic results and have confirmed the existence of distinct serotypes of Gp C rotaviruses. 27 Genetic diversity, similar to that observed for the Gp C rotaviruses using the gene 8 probe, has been observed for the VP7 gene of the Gp A rotaviruses, and -this molecular approach has been used to serotype the Gp A rotaviruses. 16, 19 Gene 8 cDNA probes may be useful for serotyping Gp C rotaviruses, as proposed previously. 9 Except for PW37B, which was a rotavirus-negative sample, all PW samples hybridized with the gene 5 probe but not with the gene 8 probe, possibly because these samples contain virus with a gene 8 that differs from that of the Cowden gene 8. The gene 8 probe may be less sensitive for routine detection of Gp C rotaviruses or the reactions may be nonspecific when samples have been thawed and frozen several times. Frequent freezing and thawing of the samples might have degraded the viral dsRNA to such low levels that it was not detectable by PAGE. However, the gene 5 probe was specific in this test and in tests by other workers, 10 suggesting that these reactions may be specific to these samples. The hybridization assay appears to be superior to PAGE in terms of sensitivity; samples stored over 4 years with frequent thawing and freezing were still detected by the gene 5 cDNA probe.
The dot blot hybridization assay has been applied for the detection of Gp C rotaviruses from porcine fecal field samples using genes 5 and 8 cDNA probes. Some of these samples might have had the rotavirus dsRNA degraded beyond the detectable limits of the PAGE assay, yet there was enough RNA present to be detected by the dot blot assay using the gene 5 probe. Because of the conservation of the amino acid sequence of gene 5 among the Gp C rotaviruses, 10 this probe might be more versatile than other probes for the routine detection of Gp C rotaviruses in field samples. Current and future work will focus on the use of hybridization assays to detect and serotype large numbers of Gp C rotaviruses from field samples and the use of nonradioactive methods to label and detect nucleic acids. Rapid diagnosis and early detection of influenza virus infection is the key to controlling the disease in any animal species, including turkeys. A high degree of transmissibility of low-virulence forms of avian influenza virus 2,17,14 further justifies the need for the development of any early and rapid diagnostic procedure.
Avian influenza viruses (AIV) are currently identified in many laboratories by first inoculating the clinical specimens into embryonated chicken eggs via allantoic route and testing the amnioallantoic fluid for hemagglutinating virus 4 days postinoculation. The samples found positive for hemagglutination (HA) activity are then screened for type A ribonucleoprotein antigen by immunodiffusion test. The subtype of virus is determined by neuraminidase (NA)-inhibition and HA-inhibition tests using standard sera. 13 The antisera to HA virus and NA must be updated continually because of antigen shift and drift in the virus. Although this method is very sensitive and highly specific, identification takes several days to complete and is dependent on the presence of viable virus, high HA activity, and availability of antisera specific for the HA virus and NA. Often, virus isolation requires subsequent passages to increase the chances of virus isolation, and this step may delay the time required for identification of the virus. To overcome these disadvantages, rapid, sensitive, and type-specific assays have been developed by several investigators. [3] [4] [5] [6] 5 In 1991, the Minnesota Board of Animal Health reported 28 cases of AIV infection involving 9 serotypes in 110 flocks on 64 farms in 16 counties of the state of Minnesota. These cases provided an opportunity to compare a double antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) with standard virus isolation technique (VIT) for samples obtained from commercial turkey flocks.
The purpose of this study was to compare the DAS-ELISA with the VIT for the detection of virus or viral antigens in cloacal and tracheal swabs of commercial turkeys with respiratory illness suspected to be caused by AIV infection.
Cloacal and tracheal swabs were collected from commer- Received for publication November 3, 1992. cial turkeys with respiratory illness suspected to be caused by AIV infection. The samples were pooled, and each pool consisted of 3 or 4 swabs. All the samples were collected in veal infusion broth and were centrifuged at 500 x g for 20 minutes. The supernatant was divided equally for DAS-ELISA and VIT. The samples for VIT were treated with antibiotics (penicillin, 1,000 units/ml; streptomycin, 500 &ml), and 200 µ1 of sample was inoculated into 9-day-old embryonating chicken eggs via allantoic route. Three embryonating eggs were used for each sample. After 3 days incubation, the amnioallantoic fluid of chicken embryos was harvested and tested for HA using 0.5% chicken erythrocyte suspension. HApositive cultures were sent to the National Veterinary Service Laboratory (NVSL) for identification and subtyping. The HAnegative samples were passaged 2 more times before they were declared negative. The samples for DAS-ELISA were diluted 1:40 in Phosphate-buffered saline and treated with 1% Nonidet p. 40.
a A 100-µ1 aliquot of the diluted test sample was added to each well, and the plates were incubated for 1 hour at 37 C. All the samples were run in duplicates. At the end of incubation with test samples, plates were washed, and 100 µ1 of rabbit polyclonal antibody to affinity-purified NP 12 was added and incubated for 1 hour at 37 C. Plates were then washed thoroughly, a 100-µ1 working dilution of goat anti-rabbit IgG conjugated to horseradish peroxidase a was added, and incubation was continued for 1 hour at the same temperature. Plates were then washed and activated tetra methyl benzidine a substrate was added and incubated in the dark for 10 minutes. The reaction was then stopped by adding 100 µ1 of 2 N H 2 SO 4 , and the plates were read at 450 nm using an ELISA reader.
A total of 288 specimens was collected from 3 different sources, designated A, B, and C. Source A included 120 samples from 17 flocks on a single farm; the tracheal and cloacal samples were collected after AIV antibodies had been detected in 1 flock on the farm. Blood was collected 2 weeks later for antibody detection by agar gel precipitin test (AGPT).
The source B samples originated from another single farm of 12 flocks located on 1 premises. A total of 98 samples were collected from different flocks at weekly intervals for 5 weeks after birds from 1 of the flocks were found positive for AIV antibodies by AGPT. In addition, blood samples were collected from turkeys at weekly intervals bv farm per-
